1. Introduction {#sec0005}
===============

From its beginning in the 1980s, laparoscopic surgery has marked a rapid progress and an almost astonishing expansion worldwide, becoming the standard approach for numerous indications in many surgical specialties. Important highlights that established its place in the surgical arena and further promoting this "revolution", were: (i) the NIH Consensus Conference Statement in 1992, concluding that laparoscopic cholecystectomy is the standard of care in good risk patients,[@bib0005] (ii) the Clinical Outcomes of Surgical Therapy Study Group recognizing it as the gold standard in colorectal surgery in 2004,[@bib0010] and lately (iii) the Louisville Statement in 2008 confirming laparoscopy as the standard approach for left lateral hepatic sectionectomy (LLS) and defining the international position on laparoscopic liver surgery.[@bib0015]

Liver surgery was one of the last fortresses to fall, as laparoscopic hepatic resections demand for experience in both liver surgery and advanced laparoscopy. Once reported in 1992,[@bib0020; @bib0025; @bib0030; @bib0035] it had to wait until 2000 for the first prospective cohort of patients.[@bib0040] Today, and after more than 3000 laparoscopic liver resections performed internationally,[@bib0045] the laparoscopic approach is used routinely for LLS, is safe and effective for all the rest of resections of segments II--VI (the so-called laparoscopic segments), but remains a challenging procedure for major resections.[@bib0050; @bib0055] Apart from the well-established benefits of minimally-invasiveness (cosmesis, post-operative pain, short hospital stay), it has proved to be beneficial in terms of blood loss,[@bib0060] in reducing postoperative ascites in cirrhotic patients, and, furthermore, some benefits have also been established for major liver resections.[@bib0065]

LESS surgery, although tracing back to the 1960s, represents the most modern advance in the field of minimally invasive surgery and is currently being applied to a continuously increasing variety of both operating sites and pathologies.[@bib0070] The fact that it is being promoted as "the new revolution" has made it the centre of a vigorous debate concerning the real benefits and the safety of the procedure. It is not surprising that it has been the subject of admirable technological progress and applications, has employed them to go further on to more demanding operations, such as hepatectomies, and is constantly urging for even more refined and sophisticated technological solutions.

The aim of this study is to present our initial experience in laparoscopic single-site liver surgery and demonstrate the feasibility of LESS surgery for atypical and anatomical hepatectomies.

2. Presentation of cases {#sec0010}
========================

2.1. Patient history {#sec0015}
--------------------

*Patient 1.* A 36-year-old woman with a history of untreated gastroesophageal reflux disease (GERD) presented with epigastric pain and vomiting. Her initial work-up found a deglobulisation with a hemoglobulin at 7.6 g/dL and the abdominal CT-scan showed a hemorrhagic tumour of the left liver, probably an adenoma, and a hemoperitoneum. She received initial treatment by arterial embolization. A second CT-scan and a MRI showed an 11-cm hematoma and a 38-mm adjacent mass of the left hepatic lobe **(**[Fig. 1](#fig0005){ref-type="fig"}**)**. Additionally a 1-cm adenoma was revealed in segment VI. Three months later, the patient still complained for abdominal pain and lost 5 kg. She consulted twice in the emergency department.

*Patient 2.* An 85-year-old woman, with post-hepatitis C cirrhosis and having been treated seven years before for a hepatocellular carcinoma by radiofrequency ablation, presented a subcapsular lesion of segment VI in a control CT-scan. Alpha-fetoproteine (AFP) value was normal. MRI showed a 12-mm mass with radiologic characteristics in favour of hepatocellular carcinoma **(**[Fig. 2](#fig0010){ref-type="fig"}**)**.

*Patient 3.* A 41-year-old woman who complained for right abdominal pain and difficulty in sports presented with a 9-cm tumour of the right anterior section with extrahepatic development **(**[Fig. 3](#fig0015){ref-type="fig"}**)**. Radiologic characteristics on CT-scan and MRI were in favour of focal nodular hyperplasia (FNH). Two small hemangiomas were found in segments VI and VII.

2.2. Surgical procedures {#sec0020}
------------------------

All patients were operated on by a LESS approach *via* a single incision, using the QuadriPort (Olympus, Rungis, France) for the first two patients and the TriPort (Olympus, Rungis, France) device for the third, a 5-mm flexible laparoscope and curved as well as standard straight laparoscopic instruments.

*Patient 1 (laparoscopic left lateral sectionectomy).* Peritoneal access was gained by a 30-mm supraumbilical incision in the open fashion. No clamping was performed, as in our standard technique for all hepatic resections. The pedicles of segments II and III were dissected extraparenchymally and divided separately between absorbable clips. Parenchymal transection was performed using the clamp crushing technique with the Ligasure (Covidien, Elancourt, France) and haemostasis and biliostasis were assured by bipolar electrocautery. The left hepatic vein was sectioned with an articulating vascular stapler (EndoGIA, Covidien, Elancourt, France). The specimen was placed in a bag, cut in two pieces and extracted through the umbilical incision after aspiration of the residual hematoma. Blood loss was estimated at less than 50 ml and the total operative time was 110 min.

*Patient 2 (atypical resection of segment VI).* A 30-mm supraumbilical incision in the open fashion was performed to gain peritoneal access. A subcapsular lesion of about 15-mm was visualized on the anterior surface of hepatic segment VI. An atypical resection was performed, encompassing the tumour and remaining at distance (2 cm margin) from it at all times. No clamping was performed; parenchymal transection was performed with the Ligasure (Covidien, Elancourt, France) and haemostasis and biliostasis were assured by bipolar electrocautery and absorbable clips for larger elements. The specimen was placed in a bag and extracted through the incision. Blood loss was estimated at less than 50 ml and the total operative time was 100 min.

*Patient 3 (atypical right anterior resection).* We made a 20-mm infraumbilical incision in the open fashion. After satisfactory tumour exposure, transection of the liver parenchyma was started with the Ligasure (Covidien, Elancourt, France). Application of a vascular EndoGIA (Covidien, Elancourt, France) was performed for section of a branch of the right hepatic vein. An additional epigastric port for the irrigation--aspiration device and the bipolar electrocautery was used to control a bleeding on the transection line. The specimen was placed in a bag, cut into three pieces and removed from the umbilical incision. Total operative time was 120 min and blood loss was estimated at 150 ml.

2.3. Postoperative evolution {#sec0025}
----------------------------

All patients received oral alimentation the same day and intravenous fluid administration was discontinued the next morning. They stated that they were very satisfied by the cosmetic result.

Patient 1 experienced minimal umbilical pain, but complained for right shoulder pain related to the pneumoperitoneum, and had a minor allergic reaction. For these reasons she was discharged on postoperative day 3. At follow-up consultation, one month later, her preoperative GERD-related symptoms had disappeared.

Patients 2 and 3 experienced minimal pain and had an otherwise totally uneventful postoperative course. They were discharged on postoperative days 3 and 1 respectively.

3. Discussion {#sec0030}
=============

Single incision laparoscopic surgery techniques trace back to the 1960s, when this approach was used for tubal ligation. The first reports in the modern era described single incision laparoscopy for cholecystectomy and appeared in the mid-1990s. The first two series were those of Navarra et al.[@bib0075] in 1997 and Piskun et al.[@bib0080] in 1999, who replaced the exposure instruments with stay sutures and placed two ports through a single skin wound.

Currently, as single incision has been increasingly employed by surgeons of different specialties for an expanding list of indications, there is a growing need for an even more advanced and sophisticated technology. In 2009, the consortium for assessment and research for laparoendoscopic single-site surgery unanimously concluded that the term laparoendoscopic single-site (LESS) surgery most accurately conveys the broad philosophical and practical aspects of the field.[@bib0085] In their systematic review of the literature for laparoscopic surgery performed through a single incision, Pfluke et al.[@bib0090] found 434 publications between January 2000 and May 2010 with 219 manuscripts meeting their inclusion criteria and including original patient data that had been published and were reviewed, which represented 4585 operations.

To date, some case reports[@bib0095; @bib0100; @bib0105; @bib0110; @bib0115] and 3 series of up to 8 cases[@bib0120; @bib0125; @bib0130] of LESS liver surgery have been published. We hereby present our initial experience of a LLS and two atypical right resections for benign and malignant tumours by LESS approach.

All procedures were completed by using our standard technique for all types of hepatectomy: no porta hepatis clamping and parenchymal transection by the clamp crushing technique with the Ligasure (Covidien, Elancourt, France). In particular for LLS, we perform the dissection of segments II and III pedicles extraparenchymally and we divide them separately in both open and laparoscopic procedures. The left hepatic vein is divided with an articulating vascular stapler. LESS surgery allows the application of all these techniques, such as transection by the clamp crushing technique, extraparenchymal dissection of portal pedicles and the use of bipolar electrocautery and clips. Lack of instrument triangulation was one of the main issues that had to be dealt with, along with external crowding and clashing of instruments or deflection of the camera. This problem was sufficiently dealt with by the use of curved clamps. The need for bipolar coagulation and aspiration during parenchymal transection led to the addition of a second port in our third patient with the FNH lesion of the right liver. We believe this issue could have been sufficiently addressed with the QuadriPort device, which, unfortunately, was not at our disposal.

We met no particular problems in recognizing anatomic landmarks. Acquisition of correct haemostasis and biliostasis was the same as in conventional laparoscopic hepatectomies, by bipolar electrocautery and application of absorbable clips for larger vascular structures. Two out of three specimens were removed after being cut in the extraction bag from the umbilical incision with no particular difficulties. In the second case, the specimen was extracted intact. The postoperative course was practically uneventful for all patients with minimal peri-umbilical pain and a very good cosmetic result.

Cosmesis is the undeniable advantage of LESS surgery, which is probably the reason for which, of the 219 manuscripts reviewed by Pfluke et al.[@bib0090] only 50 commented on cosmetic outcomes. Canes et al.,[@bib0135] in their matched-pair comparison study for LESS versus standard laparoscopic left donor nephrectomy, demonstrated that self-reported scar satisfaction scores were significantly higher in the LESS group.

For LESS hepatic resections a great additional interest resides in the use of the single incision for the extraction of the specimen, especially in benign tumors which can be cut in smaller pieces. This has a double impact on both cosmesis and postoperative pain. Reduction of postoperative pain has already been achieved in a very satisfactory manner by conventional laparoscopy, with a shorter hospital stay and earlier return to everyday activities. Chang et al.[@bib0140] in their case--control study of single-incision versus standard laparoscopic cholecystectomy, fail to demonstrate a statistically significant difference in postoperative pain, pain site and analgesia requirements, although the patients of the single-incision group returned to normal activity 1.8 days earlier. Ten of the 219 studies reviewed by Pfluke et al.[@bib0090] compared postoperative pain between single-incision and conventional laparoscopic groups using the VAS and three of them reported lower VAS scores in the single incision group. Moreover, we are of the opinion that the minimally invasive approach should be preferred for hepatic resections in potential transplant candidates. It has been demonstrated that transplantation can be facilitated by laparoscopy in terms of reduced operative time, blood loss and transfusion needs.[@bib0060] LESS surgery may be beneficial because the single incision is suitable for specimen extraction.

As regards specimen removal, cutting a benign tumour after placing it in a bag allows its extraction from the umbilical incision without enlargement. As for malignant tumours, by enlarging the single incision when necessary, there is no need for a supplemental incision (supra-pubic, previous appendectomy or other) and the patient is spared the incisions of the ports. We believe that this important reduction of incision sites causes less post-operative pain.

LESS surgery is one of the most modern advances in the field of minimally invasive techniques and has already been applied in various pathologies. Although many surgeons regard it as a second revolution after the introduction of classical laparoscopy, we think that it represents a natural evolution, a novel aspect of laparoscopy in the constant research of less traumatic and aesthetically better results, which has been the aim of minimally invasiveness from the first beginning. Patients are demanding for excellent cosmesis, less pain and faster rehabilitation. Laparoscopic surgeons will have to be able to offer all types of minimally invasive procedures in order to respond to their patients' needs.

4. Conclusion {#sec0035}
=============

In our institution, after having acquired a considerable experience in laparoscopic hepatic surgery and after having applied the LESS approach to other procedures (cholecystectomy, sleeve gastrectomy), we performed the reported hepatectomies and suggest that anatomical as well as atypical resections are feasible by LESS surgery with good peri-operative and post-operative results. Larger series representing additional experience will be needed to confirm the safety of this novel technique. It might be useful for all teams who practice LESS surgery to keep in mind that adding supplemental ports is very quick and easy, directly establishes the conditions of conventional laparoscopy and should not be equated to a conversion, as the approach remains laparoscopic.
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![CT-scan showing the hematoma and the 38-mm tumor in the left hepatic lobe in patient 1.](gr1){#fig0005}

![MRI showing the 12-mm subcapsular lesion in segment VI of patient 2.](gr2){#fig0010}

![MRI showing the 9-cm tumour of the right anterior section of the liver with extrahepatic development in patient 3.](gr3){#fig0015}
